ABSTRACT. This study aimed to obtain estimates of stability and adaptability of phase launched materials and materials recommended in the country, for the northern and northwestern regions of Rio de Janeiro State, Brazil, and made a comparative analysis of different methods to evaluate stability and adaptability of grain yield and popping expansion. To this end, 10 genotypes were evaluated (UNB2U-C3, UNB2U-C4, BRS Angela, Viçosa, Beija-Flor, IAC 112, IAC 125, Zélia, Jade, and UFVM2 Barão de Viçosa) in five environments. The Yates and Cochran method revealed that genotypes UFV2M Barão de Viçosa, BRS Angela and UNB2U-C3 were the most stable for grain yield. This method also indicated superiority of genotypes UNB2U-C3, UNB2U-C4, BRS Angela, Viçosa, IAC 125, and Zélia for popping expansion. The Plaisted and Peterson and Wricke methods demonstrated that genotypes Zélia and UNB2U-C4 were the most productive and stable. These methods indicated genotypes UNB2U-C3 and BRS Angela as the most stable for popping expansion. The Kang and Phan ranking system uses methods based on analysis of variance and classified population UNB2U-C4 as the genotype with the highest stability of grain production and confirmed cultivar BRS Angela as the most stable for popping expansion. Genotypes IAC 112 and UNB2U-C4 were the most stable and adapted for grain yield, according to the Lin and Binns method. The P i statistics also ranked UNB2U-C3 and UNB2U-C4 as the genotypes with the best predictability and capacity for popping expansion.
INTRODUCTION
The areas of northern and northwestern Rio de Janeiro are not as agriculturally advanced as other regions in Brazil. These two regions have high rates of rural poverty and, during the last three centuries, have experienced a sequence of economic cycles based on sugarcane, coffee, and cattle raising, which are declining there (Souza et al., 2009 ). Agricultural diversification with new alternatives for profitable crops is therefore considered a necessary strategy for minimizing socioeconomic problems.
Popcorn is considered an excellent alternative for farmers because it is a highly profitable culture with strong popular acceptance (Aguiar et al., 2008 , Mendes de Paula et al., 2010 Moterle et al., 2011 , Rangel et al., 2011 . Government estimates show that the price obtained for a bag of popcorn (60 kg) is approximately three times higher than that for a bag of common maize (Agrianual, 2010) .
Launching improved materials requires experiments that investigate the performance of cultivars under the environmental conditions of the region. These experiments are essential for the determination of which cultivars will thrive with respect to genotype x environment (GE) interaction (Prado et al., 2001) . GE interaction can be classified as simple when it results only from genetic variability in a genotype. It is classified as complex when there is no correlation between measures of the same genotype in different environments, indicating inconsistency of genotype superiority under environmental variations, which hinders the recommendation of cultivars with wide adaptability (Cruz and Regazzi, 1997) .
To minimize the effects of GE interaction and achieve higher performance predictability, the identification of the most stable genotypes and cultivars adapted to the specific conditions of each environment is necessary (Vendruscolo et al., 2001) . Several methods have been described to study adaptability and stability-mainly methods based on analysis of variance (Yates and Cochran, 1938; Plaisted and Peterson, 1959; Wricke, 1965; Annicchiarico, 1992) , nonparametric analyses (Lin and Binns, 1988; Huehn, 1990; Nascimento et al., 2010) , simple linear regression analysis (Theil, 1950; Finlay and Wilkinson, 1963; Eberhart and Russel, 1966; Tai, 1971) , bi-segmented regression (Verma et al., 1978; Silva and Barreto, 1985; Cruz et al., 1989; Storck and Vencovsky, 1994) , quadratic regression (Brasil and Chaves, 1994) , and multivariate analysis, such as the additive main effects and multiplicative interaction analysis (Zobel et al., 1988) and principal components analysis (Crossa, 1990) . Also applicable is the ranking method proposed by Kang and Phan (1991) , which uses the weights between the parameters of adaptability and phenotype stability of correlated methods and the average of the estimates of the trait analyzed to classify genotypes.
According to Cruz et al. (2004) , the selection of the method to be used by breeders depends on the number of environments available, the type of information required, and the needed experimental accuracy. In addition, some methods can be combined because they are considered alternative or complementary. Above all, the methods should have a high level of agreement in the parameters of stability and adaptability (Duarte and Zimmermann, 1995; Scapim et al., 2010) .
This study aimed to (1) obtain estimates of stability and adaptability of phase-launched materials for northern and northwestern Rio de Janeiro as well as for materials recommended in the country, and (2) carry out a comparative analysis of methods for assessing stability and adaptability of grain yield (GY) and popping expansion (PE).
MATERIAL AND METHODS
The experiments were carried out in 2007/2008 (Colégio Estadual Agrícola Antônio Sarlo and Estação Experimental da PESAGRO-RIO, Campos dos Goytacazes; and PESAGRO-RIO, Itaocara) and 2009/2010 (PESAGRO-RIO, Campos dos Goytacazes; Colégio Estadual Agrícola de Cambuci, Cambuci; and PESAGRO-RIO, Itaocara) in five environments representing northern and northwestern Rio de Janeiro. The following genotypes of popcorn were used: UNB2U-C3, UNB2U-C4, BRS Angela, Viçosa, Beija-Flor, IAC 112, IAC 125, Zélia, Jade, and UFVM2 Barão de Viçosa. A randomized block experimental design was used, with three replications. The plots had two 12-m rows, with spacing of 0.9 m between rows and 0.2 m between plants, totaling 120 plants per plot. Three seeds were used per hole at a depth of 0.05 meters, and thinning was carried out 21 days after emergence. Topdressing and other treatments recommended for the culture were performed (Sawazaki, 2001) .
Two main traits of the popcorn cultures were evaluated: GY and PE. GY was determined based on the average of the plot by the weighing of grains after their removal from cob and expressed in kilograms per hectare. Grain PE was determined in a laboratory by microwaving 30 g of seeds in a special plastic pot at 1000 W for 2 min and 40 s, with 2 replications per treatment. The expanded volume was measured in a graduated cylinder, and PE was calculated from the ratio between the expanded final volume (milliliters) and the initial weight of the grains (30 g).
Individual analyses of variance were conducted, followed by a joint analysis of variance. In the joint analysis, the homogeneity of the residual variances of the experiments (MSRs) was evaluated first and verified by the ratio between the highest and lowest residual mean square of the tests (GY: 5.39 and PE: 3.69). According to Pimentel- Gomes (1990) , the variances are considered homogeneous when the ratio between the highest and lowest MSR is less than 7.0.
The following methods were used to estimate phenotype stability and adaptability: Yates and Cochran (1938), Plaisted and Peterson (1959) , Wricke (1965) , Lin and Binns (1988) , and Kang and Phan (1991) . In this work, Kang and Phan (1991) commented on the methods of Yates and Cochran (1938) , Plaisted and Peterson (1959) , and Wricke (1965) .
RESULTS AND DISCUSSION
In the joint analysis of variance, significant differences were observed by applying the F test for the characteristics GY and PE considering the sources of genotype variation and environment, which indicates the existence of genetic variability among genotypes and environments (Table 1 ). GE was also significantly different for both traits, indicating that the genotype response differed in the five environments evaluated. This result reveals the need for more detailed study aimed at identifying materials with higher phenotype stability. According to Cruz et al. (2004) , aside from affecting the process of cultivar recommendation, GE interaction makes the job of breeders more precise, forcing them to use alternative methods to identify genotypes with high genetic potential. 1/ PE = popping expansion and GY = grain yield. ** = Significant at 1% probability. ( /2010 , with an average of 27.54 mL/g among all environments. The highest PE and the highest average PE in all of the environments were achieved by the hybrid IAC 125 (37.22 and 32.89 mL/g, respectively). UNB2U-C4 achieved the fifth highest average (28.80 mL/g), following the genotypes BRS Angela, IAC 112, and Zélia, with 32.61, 30.64, and 29.60 mL/g, respectively. Table 2 presents the parameter estimates of phenotype stability and adaptability for GY and PE, respectively. According to the method of Yates and Cochran (1938) , the genotypes that presented the mean square lowest estimates (stability "a" level) for the characteristic GY were the varieties UFVM2 Barão de Viçosa and BRS Angela and the experimental population UNB2U-C3, which are, therefore, considered the most stable in all environments. With respect to PE, the genotypes UNB2U-C3, UNB2U-C4, BRS Angela, Viçosa, IAC 125, and Zélia contained the lowest mean square values. Therefore, they are classified as the most stable.
Applying the methodologies developed by Plaisted and Peterson (1959) and Wricke (1965) demonstrated that the genotypes UNB2U-C4 and Zélia were the most stable for GY, whereas for PE, the most stable were UNB2U-C3 and BRS Angela, because they expressed the highest phenotype stability-i.e., they achieved the lowest values of θ i and ω i .^ According to the P i statistics of Lin and Binns (1988) , the hybrid IAC 112 and the population UNB2U-C4 were the most stable genotypes for GY. According to the decomposition rate of Pi, to quantify the response of genotypes in different environments, we observed that IAC 112 was the most stable for GY, providing good response to favorable (P if ) environments in addition to being adapted to unfavorable (P id ) environments (lower P if and P id estimates). For PE, the genotype IAC 125 expressed the lowest superiority index (P i = 0.82), followed by the genotypes BRS Angela and IAC 112, with 1.06 and 10.15, respectively. In the decomposition of the index, it seems that 125 IAC also displayed better results in both types of environments (favorable and unfavorable) for popping expansion, occupying the second position in both. The population UNB2U-C4 was classified according to the methodology of Lin and Binns (1988) as the third most responsive for PE in unfavorable environments, which reflects a good response in this genotype under those conditions.
Analyzing GY according to the ranking system of Kang and Phan (1991) with the sum of 2 rankings (GY and stability parameter) for 3 weights (Yates and Cochran, Plaisted and Peterson, and Wricke), the population UNB2U-C4 demonstrated the lowest grade, thus being classified as providing the highest concomitant average yield and behavior stability (Table 3 ).
In the results for PE, the cultivar BRS Angela received the lowest score in the ranking systems and was considered to provide the best PE when simultaneously compared with behavior sta- 1/ 1 = UNB2U-C3; 2 = UNB2U-C4; 3 BRS Angela; 4 = Viçosa; 5 = Beija-Flor; 6 = IAC 112; 7 = IAC 125; 8 = Zélia; 9 = Jade and 10 = UFVM2 Barão de Viçosa.
2/ MS = mean square; LS = levels of stability. bility. Considering PE with the stability parameter of the method of Yates and Cochran (1938) in the ranking we performed, the experimental population UNB2U-C4 was the second most stable and expanding. For the other 2 weights, this population was reclassified to the fourth position demonstrating the same grade as that of the triple hybrids IAC 112 and Zélia (see Table  3 ). Therefore, promising results are expected for the achievement of new cycles of recurrent selection with UNB2U. 1/ 1 = UNB2U-C3; 2 = UNB2U-C4; 3 = BRS Angela; 4 = Viçosa; 5 = Beija-Flor; 6 = IAC 112; 7 = IAC 125; 8 = Zélia; 9 = Jade and 10 = UFVM2 Barão de Viçosa. Table 3 . Genotype ranking by the methodology of Kang and Phan (1991) , applied to the methods of Yates and Cochran (1938) (YC), Plaisted and Peterson (1959) (PP) and Wricke (1965) (W) in the evaluation of ten genotypes of popcorn for grain yield and popping expansion. Tables 4 and 5 , which contain the associations between the methods for the characteristics GY and PE, show that 44.44 and 30.55% of the algorithms, respectively, revealed statistical significance, indicating that these methods partly agree. The methods of Plaisted and Peterson (1959) and Wricke (1965) obtained a correlation 1.00 for both GY and PE. The perfect agreement of these two methods of stability in the estimates of the parameters reveals that the indication of cultivars is the same, regardless of the method, and that using both methods is unnecessary. This result agrees with those obtained by Silva and Duarte (2006 ), Cargnelluti Filho et al. (2009 ), and Vilela et al. (2011 .
For PE, the method of Yates and Cochran (1938) , Plaisted and Peterson (1959) , and Wricke (1965) correlated positively and highly significantly with the parameters of Lin and Binns (1988) for both P if and P iu . Based on these significant agreements among the parameters, we can infer that the most stable genotypes, according to the methodologies of Yates and Cochran (1938) and Plaisted and Peterson (1959) or Wricke (1965) , are likely adaptable and stable for both favorable and unfavorable environments for PE. A high positive significance (P < 0.01) also occurred among P ig , P if , and P iu of Lin and Binns (1988) Using the method of Kang and Phan (1991) for GY, the method of Yates and Cochran (1938) started to correlate positively (P < 0.01) with the methods of Plaisted and Peterson (1959) and Wricke (1965) , both also weighted by the same ranking methodology. Furthermore, on the effect of weighting in the method of Yates and Cochran (1938) for GY, a markedly increased correlation occurred between the stability parameter and the parameters of Lin and Binns (1988) , and GY became positively correlated at 1% probability with P ig (r = 0.76) and P iu (r = 0.85). The weighting proposed by Kang and Phan (1991) became the parameter of Plaisted and Peterson (1959) , highly correlated with all parameters of Linn and Binns (1988): P ig (0.85), P if (0.82), and P iu (0.77) for GY. Similar results were obtained by Vilela et al. (2011) , which highlights the usefulness of the method of Kang and Phan (1991) for generating more
